Coconut liposomes are used to encapsulate cinnamic acid, red and white galangal extracts. Their encapsulation efficiencies and leakage rates are explored. The encapsulation efficiencies of cinnamic acid, red galangal and white galangal are 62 %, 42 % and 52 % respectively. Addition of 7 % cholesterol increases the encapsulation efficiency of cinnamic acid red galangal and white galangal to 70 %, 50 % and 68 % correspondingly. The red galangal extract has as much leakage rate as the cinnamic acid compare to white galangal extract at all liposomal systems.
Introduction
Cinnamic acids are semi polar unsaturated carboxylic acid compounds. They are used as precursor for the synthesis of valuable cinnamic esters, i.e. cinnamic acid derivatives (CAD). Cinnamic acid and cinnamic acid derivatives (CAD) have pharmacological profile range from anti TB, antidiabetic, antioxidant, antimicrobial, UV rays absorbent, and anticancer agents [1] [2] [3] . Cinnamic acid are commonly found in herbs such as galangal, either red or white galangal. They were obtained in methanol extract of galangal rhizome [1] . In red galangal rhizome there are 9-11% cinnamic acid and its derivatives while white galangal contains 2-5% [2] . Cinnamic acid and CAD are easily degraded by oxygen, change of pH, media, and enzymatic activity [1] . The degradation can be prevented by encapsulating them into a carrier system, namely liposomes.
Liposomes are spherical structures made out from self-assembly process of phospholipid molecules. Due to the nature of phospholipid molecules liposomes have polar and nonpolar compartments thus they are able to carry polar and nonpolar materials. This ability to carry different type of molecules or active substances makes them important in pharmaceutical industries since encapsulation in liposomes structures shields the molecules from early inactivation, degradation and dilution in the blood circulation [4] . So far there are more than a few liposomal-based drugs in the markets and in clinical trials [5] . They are used for assisting delivery vehicle in numerous drugs for various diseases. Some of them are Daunorubicin for leukemia and solid tumors [6, 7] , Cytarabine or cytosine arabinoside for neoplastic meningitis and lymphomatous meningitis [6, 8] , Morphine sulfate for pain management [6, 7] , Verteporfin for molecular degeneration [6, 7, 9] , Vincristine for nonhodgkin lymphoma [7, 10] and Doxorubicin and bortezomib for Relapsed or refractory multiple myeloma [11] .
As the building blocks of liposomes phospholipid molecules are lipids containing phosphorous, fatty acid residues and a polar group in their structures. They have an excellent biocompatibility and a especial amphiphilicity. These unique characters make phospholipids most suitable to be utilized as pharmaceutical excipients and have successfully employed in many drug delivery system (DDS) designs [12] . Some of carriers based on phospholipids including drug-phospholipids complexes [13, 14] , cochleates [15] , micelles [16] , intravenous lipid emulsions [17] , and liposomes [18] . Phospholipid molecules used to manufacture liposomes are either synthetic or natural origin. Natural phospholipids obtained from plant or animal sources are preferred for selection of phospholipid in pharmaceutical excipients compared to synthetic phospholipids [19] . Various sources for natural phospholipids have been cultivated e.g., egg yolk, soybean [20] , rapeseed, sunflower seed [21] and coconut [22] .
Coconut phospholipids in the form of liposomes have been utilized as carrier for carboxyfluorescein [23] and vitamin C [24] . These data demonstrate that coconut liposomes can be used to encapsulate polar compounds. Moreover adding cholesterol to the liposome's membrane increases the encapsulation efficiency (EE). Problem with coconut liposomes to encapsulate these compounds was their fast leakage during storage. However the addition of cholesterol to the membrane displayed improvement in their storability profiles. These information lead to further quest for coconut liposomes behaviour in encapsulating other materials with different properties such as cinnamic acid as mentioned above.
Therefore, the scope of this work is to investigate the ability of coconut liposomes to encapsulate cinnamic acid and galangal extracts. We determine EE and leakage rate of cinnamic acid and galangal extracts in coconut liposomes with and without cholesterol in the liposome's membrane. In this work we used soybean liposomes from commercial soybean phospholipids as comparison. This finding could advance our understanding of coconut liposomes behaviors in relation to further application in pharmaceutical and food industries.
M aterials and methods
The apparatus used in this research were standard laboratory glassware, a set of thin layer hydration tools equipped with N2 gas, vortex, hot plate magnetic stirrer (Thermolyne Cimarec #1), magnetic bar, thermometer, centrifuge (Hettich EBA20), ultrasonic cleaner (EUMAX) and UV-Vis spectrophotometer T60. The materials used in the present study were coconut phospholipid from coconut endosperm obtained in house, chloroform (p.a.), methanol (p.a.), cholesterol, phosphate buffer solution 0.1 M pH 7.4 prepared from Na2HPO4.2H2O (Merck) and NaH2PO4.2H20 (Merck).
Galangal extracts were prepared by macerating 250 g powder of red and white galangal rhizomes in methanol for 2 days. The filtrate of each sample then was collected and evaporated to produce galangal extracts. Phytochemical screening was performed for both red and white galangal extracts in order to identify the contents of alkaloids, flavonoids, tannins, quinones, and saponins in both extracts.
Encapsulation of cinnamic acid was performed using thin layer hydration method. A 0.6 mg of cinnamic acid, 113 mg of coconut phospholipid and 7.9 mg of cholesterol were dissolved in 100 mL of chloroform/methanol with ration of 9:1. A 25 mL of solution was placed in a tube to prepare a thin layer by syphoning N2 gas into the tube. A 25 mL of buffer phosphate solution (pH 7.4) was added to the thin layer and followed by freeze thawing process then ultrasoniccation for 2 hours. The dispersion was centrifuged for 1 hour in 6000 rpm. The absorbance at λ = 265 nm of the filtrate was measured by a UV-Vis spectrophotometer to obtain the concentration of the unencapsulated substance. Encapsulation of red and white galangal extracts were conducted as above by replacing the cinnamic acid with 31.14 mg of red galangal and 43.75 mg of white galangal respectively. The absorbance of red galangal filtrate was at λ = 260 nm while for white galangal extract was at λ = 285 nm.
The storability profile of the encapsulated substance was investigated by monitoring the concentration of the unencapsulated substance every day for 6 days. The encapsulation efficiency was calculated using equation (1):
Results and discussion
The encapsulation efficiency of cinnamic acid in coconut liposomes as well as in soybean liposomes were presented in figure 1 . The results showed that the encapsulation efficiency of coconut liposome was 10 % lower than soybean liposomes. The encapsulation efficiency of cinnamic acid was significantly influenced by addition of cholesterol in the liposome's membrane both coconut and soybean liposomes. In the presence of 7 % cholesterol, coconut liposomes showed a 7 % increase in the efficiency of encapsulation for cinnamic acid compared to 15 % of soybean liposomes. These results indicated the presence of cholesterol optimized the encapsulation efficiency of both liposomes. Cholesterol regulates the arrangement of phospholipids composing liposome's membrane by occupying empty spaces among the phospholipids. The different increment of the encapsulation efficiency of coconut and soybean liposomes was allegedly due to the dissimilar composition of phospholipid species that build the membranes which has previously been reported for liposomal carboxyfluorescence [23] . Furthermore cholesterol has different influence to the membrane width depending on the chain length of the phospholipids [25] as already known coconut phospholipids mostly consisted of C12 and C8 acyl chains [22] while soybean phospholipids were C18:2 and C18:1 [26] .
In encapsulation of red and white galangal extracts, the efficiency of encapsulation is shown in figure 2 and figure 3 . Both results were similar in essence that the encapsulation efficiency of red and white galangal extracts in coconut was lower than in soybean liposomes. The cholesterol increased the encapsulation efficiency of coconut and soybean liposomes for both galangal extracts. The encapsulation efficiency of cholesterol added coconut liposomes surpassed the soybean liposomes. However the figures also displayed that encapsulation efficiency of red galangal was smaller than white galangal extract in all accounts. This circumstances most likely as a result of the chemical content of both extracts. The phytochemical screening test of both red and white galangal extracts disclosed that both the red and white galangal extracts were positive containing flavanoid, quinone, tannin, and saponin compounds. Meanwhile, alkaloid compounds was only present in the red galangan extract. Alkaloid compounds have been found to interact with membranes to change their fluidity [27] . Such interaction may affect the encapsulation process of red galangal extract in liposomes leading to lessening of encapsulation efficiency of red galangal extract than of white galangal. In all cases above we found out that encapsulation of cinnamic acid, red and white galangal extracts in coconut liposomes were optimized by addition of cholesterol although they were still slighter compared to soybean liposomes. The storability profile of the encapsulated cinnamic acid, red and white galangal extracts was presented in figure 4 . Data were obtained during 6 days of storage. In general cinnamic acid leak faster then the red and white galangal extracts in similar carrier systems except for red galangal in cholesterol added coconut liposomes. It seemed that even though coconut liposomes had high encapsulation efficiency for cinnamic acid, they also leaked fast. We assume that this fact caused by the high partition coefficient of cinnamic acid [28] . This effect was then deterred by the addition of cholesterol in the liposome's membrane as can be seen from the leakage rate after cholesterol addition. The bulky structure of cholesterol with tetracyclic ring made the movement of cinnamic acid across the membrane impeded which then eventually lowered the leakage rate. The red galangal extract had as much leakage rate as the cinnamic acid compare to white galangal extract at all liposomal systems. The alkaloid components in red galangal were not only influence the encapsulation efficiency but also affect the leakage rate as well. 
Conclusions
The encapsulation efficiencies of cinnamic acid, red galangal and white galangal are 62 %, 42 % and 52 % respectively. Addition of 7 % cholesterol increases the encapsulation efficiency of cinnamic acid red galangal and white galangal to 70 %, 50 % and 68 % correspondingly. The red galangal extract has as much leakage rate as the cinnamic acid compare to white galangal extract at all liposomal systems.
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